palsy, major disability includes cognitive and developmental problems [6, 7] .
There is now sufficient data to conclude that hypothermia commencing by age 6 h is neuroprotective and is considered the standard of care for term infants who meet the trial entry criteria for therapeutic cooling [8] . This means that early identification of newborns at risk for HIE in referral centers is crucial.
The amplitude-integrated electroencephalography (aEEG) pattern obtained within 6 h after birth in term asphyxiated infants has been shown to be useful for predicting neurodevelopmental outcome and was used in clinical trials to select infants for cooling [9] [10] [11] . Both positive and negative predictive values, PPV and NPV, have been assessed at 3 and 6 h [12, 13] , and were shown to be high in normothermic infants. Although the predictive value has changed in the era of hypothermia, the aEEG is still useful for selecting infants who will benefit from hypothermia [14] . Although it is easy to execute, bedside monitoring with aEEG is not available in the majority of referral centers, even in developed countries, and may also be misleading due to artifacts [15] .
Clinical assessment of HIE based on a Thompson score of more than 7 is also used as an entry criterion for cooling [16] . The Thompson score is a numeric scoring system that requires no equipment and no specific training with a high predictive value for outcome [17] . Recently, Thompson scores were analyzed during or just before the start of hypothermia [18] [19] [20] . The primary aim of the present study was to compare Thompson scores and aEEG patterns in infants selected for therapeutic hypothermia, and relate these findings to outcome at 2 years of age.
Methods
The ethics committee of the University Medical Center Utrecht waived the requirement to obtain informed consent for this retrospective study with anonymized data. From January 2008 to September 2014, 169 neonates with a gestational age of at least 36 weeks and clinical signs of perinatal asphyxia were treated with moderate hypothermia. All infants were admitted to the level III neonatal intensive care unit (NICU) of the Wilhelmina Children's Hospital, Utrecht, The Netherlands.
Of the 169 infants, 134 without congenital malformations or syndromes, or need for extracorporeal membrane oxygenation, had aEEG and Thompson scores on admission and were available for retrospective analysis. Forty-one infants died while 81 survived and had a follow-up of at least 24 months, and these 122 were selected for the present study. Perinatal asphyxia was defined as described previously [16] . The decision to start therapeutic hypothermia was based on either a Thompson score >7 within 6 h after birth, or the presence of a discontinuous normal voltage (DNV) pattern on the aEEG with a lower amplitude limit below 5 μV, or a more suppressed aEEG background pattern. aEEG patterns were analyzed as described previously, and scored as continuous normal voltage (CNV), DNV, burst-suppression (BS), continuous low voltage (CLV), or flat trace (FT) [16] . The data were retrieved from the medical files. Neurodevelopmental assessment was performed at regular intervals as described previously up to the age of 24 months [21] . Adverse outcomes were considered as death, cerebral palsy, severe hearing or visual impairments, or an adverse neurodevelopment (Griffiths developmental quotient <88; Bayley Scales of Infant and Toddler Development, third edition, BSID-III, cognitive composite score <85).
Statistical Analysis
Thompson scores and the aEEG pattern on admission were compared using analysis of variance (ANOVA) with a Bonferroni post hoc test. In addition, the association between aEEG patterns and Thompson scores on admission and outcome were analyzed using receiver operating characteristics (ROC). The area under the curve (AUC) with 95% confidence intervals (CI) was calculated and the optimal cut-off values for predicting an adverse outcome were determined.
Results

Clinical Data
The clinical characteristics of the infants are given in Table 1 . Of the 122 infants, 81 (66.4%) survived and were seen at a follow-up age of at least 24 months. All deaths occurred after redirection of care. The decision to redirect care was based on information obtained with clinical assessment, aEEG, and imaging (cranial ultrasound and/or MRI) as described previously [22] . Data are presented as n or median (IQR).
Thompson Score versus aEEG
Twenty infants had a Thompson score of 7 or lower, of which 13 had a DNV ( n = 12) or CNV ( n = 1). The other 7 had a BS pattern. Of the 102 infants with a Thompson score of more than 7, a BS pattern or worse was seen in 76.
Box plots of the Thompson score versus aEEG patterns are presented in Figure 1 . A significant association between aEEG patterns and Thompson scores could be demonstrated (ANOVA, p < 0.001). The post hoc analysis using Bonferroni correction showed significant differences in Thompson scores between DNV and BS, and between BS and CLV/FT patterns. The differences in Thompson scores between CLV and FT patterns were not significant.
Thompson Score and aEEG versus Outcome
The predictive values in Table 2 a are presented based on previously published cut-off values [12, 17] . The specificity and PPV of both cut-off values are low. Median Thompson scores were lowest in infants with a normal outcome and highest in infants who died ( Table 2 b) . aEEG scores were most abnormal in infants who died ( Table 2 b) .
Of the 2 infants with a Thompson score of 7 or lower and an adverse outcome, 1 had a score of 7, and 1 a score of 4 within 2 h after birth. Both showed a rapid deterioration over the following hours. All 3 infants with a DNV pattern and an adverse outcome showed a rapid deterioration of the aEEG background pattern after admission.
ROC Analysis of Thompson Score and aEEG
Thompson scores and aEEG both showed an AUC of more than 0.80. The difference between them was not significant ( Table 3 ) .
Discussion
The present study compared Thompson scores and aEEG before initiating therapeutic hypothermia in infants with perinatal asphyxia who qualified for treatment with moderate hypothermia. Our data demonstrate a strong association between the aEEG background pattern and Thompson score. Although the Thompson score contains many items on behavior, (a)EEG is not part of the score. Like in the Apgar score, the predictive value of the items has not been tested separately [23] . Therefore, we cannot say which items of the Thompson score were most valuable in relation to outcome.
The Thompson score and aEEG background pattern have a similar predictive value for an adverse outcome. However, the aEEG may have several advantages over the Thompson score. Firstly, the aEEG is a continuous measurement, and can identify (subclinical) seizures. Secondly, the aEEG can be sent out for a second opinion or expert revision. This is more difficult with the Thompson score, which needs to be captured on video for revision.
In our study, the Thompson score cut-off value to qualify for hypothermia was based on the original paper by Thompson et al. [17] . Infants with a score of more than 7 on the first day after birth had the higher risk of an adverse outcome. Horn et al. [19] analyzed different cut-off levels of the Thompson score in predicting an abnormal 6-h aEEG. At a level of ≥ 7 the sensitivity was 100% and specificity 66.7%, and at a level of ≥ 8 the sensitivity was 94.4% and specificity 75.0%. However, the Thompson score was measured when treatment with hypothermia had already commenced. Very high Thompson scores ( ≥ 16) at age 3-5 h during hypothermia were followed by a severely abnormal aEEG or death at 48 h [18] .
We confirmed that clinical assessment using the Thompson score before starting hypothermia is associated with outcome, since the highest scores were encountered in the infants who died. ROC analysis showed that 27 a score of 11 or more was the cut-off level for an adverse outcome. A recent study investigating infants in the Dutch PharmaCool trial showed a comparable cut-off level. A Thompson score of 12 or more was associated with death before discharge [20] . aEEG background patterns were not analyzed in that study.
In the past we and others have demonstrated that suppressed aEEG background patterns within the first 24 h were followed by an adverse outcome [12, 13] . When therapeutic hypothermia is used, the predictive value of the aEEG is delayed until 24-36 h [14] . Furthermore, while a BS pattern during normothermia was associated with an adverse outcome, in the period of hypothermia CLV or FT patterns are most likely to be followed by an adverse outcome. Interestingly, the Thompson score and aEEG have a comparable area under the ROC curve of approximately 0.83. Both the Thompson score and aEEG obtained before starting hypothermia treatment had a lower specificity and PPV compared to previous studies in the period before hypothermia was used. Analysis with aEEG was slightly better than with the Thompson score. The lower specificity and PPV are attributed to the neuroprotective effects of hypothermia.
The present study does not answer the question of which of the 2 assessment systems, Thompson score or aEEG, is better in selecting neonates for treatment with hypothermia. It is unknown how many patients with either perinatal asphyxia and a low Thompson score or nonsuppressed aEEG did not receive hypothermia, but nevertheless subsequently developed neonatal encephalopathy with seizures. In our cohort we observed that the Thompson score was ≤ 7 in 20 cases. If only the Thompson score had been used, these infants would not have been treated with hypothermia. Because of the aEEG findings, these cases were considered candidates for hypothermia. The Thompson score did not identify patients that were missed by aEEG in this study. This is in contrast with the findings of Sarkar et al. [24] , but in agreement with our previous experience and that of others [12, 13] . A trial randomizing infants with asphyxia to the use of aEEG or the Thompson score might answer the question of which technique is superior in selecting infants with perinatal asphyxia for treatment with hypothermia. Until then, both techniques may be used to select infants with perinatal asphyxia for therapeutic hypothermia. With the cut-off levels obtained through ROC analysis presented in this study, the Thompson score and aEEG may be used to select infants who might benefit from additional neuroprotective strategies in addition to hypothermia.
Conclusions
Both high Thompson scores and a suppressed aEEG background pattern are associated with an adverse outcome after perinatal asphyxia and therapeutic hypothermia. Further studies are needed to identify the best technique with which to select patients for therapeutic hypothermia. The novel cut-off levels presented in the present study may be used to select patients for additional neuroprotective strategies.
